Abstract
In relation to their potential genotoxic properties, the ability of inorganic particles to induce activated species of oxygen with strong oxidative properties can be studied by various methods. In this study the oxidative surface properties of 10 different natural and synthetic mineral fibres were investigated by: (1) an electron paramagnetic resonance technique in which formate was used to trap oxidative species; and (2) a high performance liquid chromatography (HPLC) based method in which deoxyguanosine was used as a trapping agent and the formation of 8-hydroxydeoxyguanosine (8 OHdG) was analysed. Ground iron-containing fibres such as crocidolite and amosite were the most reactive, whereas fibres without iron-for example, ceramic fibres, xonotlite, and Tismo L-were completely inactive. A good correlation was found when the results from the two methods were compared (r = 0-86).
(British J7ournal of Industrial Medicine 1993;50: [501] [502] [503] [504] Various tests can be used to evaluate the capacity of inorganic materials to generate electrophilic species able to trigger an oxidative stress in a biological medium. For inorganic dust, these tests implicate various activated species of oxygen arising from the interactions between the reducing surface sites of the dust and the molecular oxygen dissolved in aqueous medium. To these mechanisms, some authors add that of mobilisation and transport of the electron donor species (divalent iron for example) in the form of complexes implying low molecular weight biological ligands. ' Among the different activated species of oxygen, it is necessary to distinguish between those with strong electrophilic character (metal oxo species, hydroxyl radicals etc), able to attack a great variety of target molecules, and less electrophilic species (iron superoxo species, various complexes of Fe"') only able to initiate lipid peroxidation. These two types of activated species of oxygen have been classified by Pezerat as A* and P* species, which represent two distinct subsets. 2 The A* species, strongly electrophilic, are easily characterised because of their reactions with molecules such as formate, ethanol, acetone, and dimethyl sulphoxide. This group is obviously capable of triggering lipid peroxidation. The appearance of A* during the metabolism of asbestos fibres and of various dusts containing divalent iron, nickel, or copper in aqueous medium has been assumed in various studies. [2] [3] [4] [5] [6] [7] In our investigation, some natural and manmade mineral fibres were incubated in aqueous solutions and the formation of oxidizing A* species (iron oxo species, OH-) was analysed with a technique based on analysis of 8-hydroxydeoxyguanosine (8 OHdG) after hydroxylation of deoxyguanosine (dG) and with an electron paramagnetic resonance (EPR) technique after formate oxidation.
In the A* test, formate anions are oxidised to carboxylate radical anions, which are trapped by 5-5'-dimethyl-1-pyrroline-N-oxide (DMPO) according to the reactions: A* + HCO> AH + CO-and CO-+ DMPO --(DMPO,COQ) where A* represents the strongly electrophilic species, generally iron oxo species (Fev = 0) appearing on the surface of the particles after interactions, in several steps, between divalent iron and molecular oxygen; COw is the carboxylate anion radical with a very short life; DMPO is a spin trap agent that reacts with CO to form (DMPO,CO) adducts detected by EPR spectroscopy.
The test with the dG assumes that various intermediary reactions are involved before the formation of 8 OHdG,89 and the mechanism of this transformation is not yet completely understood.'0 In both tests the results are given as an average of three assays, with the corresponding confidence interval. Table 2 shows the (DMPO,CO-2)' signal intensity and the amount of 8 OHdG formed after incubation of the different fibres.
Results
In the formate oxidation test, ground amosite, crocidolite, wollastonite, and rock wool were the most reactive fibres, whereas air aged amosite and crocidolite were inactive. Anthophyllite, glass wool, ceramic fibres, erionite, Tismo L, and xonotlite, Mineralfibres: correlation between oxidising surface activity and DNA base hydroxylation were all inactive or poorly active.
With the dG hydroxylation method ground amosite and ground crocidolite caused the most hydroxylation (unground fibres caused very little hydroxylation). Anthophyllite, rock wool, and wollastonite formed an intermediate group and a third group glass wool, erionite, Tismo L, xonotlite, and ceramic fibres, were inactive. Discussion Figure 1 shows the comparison between the results of the two tests of oxidising capacity. Ten samples were studied, and there was a significant correlation between these two methods (r = 0-86).
In the case of some materials-for example crocidolite, amosite, or wollastonite-grinding favours the capacity of these materials to generate electrophilic species. We have checked that grinding for a short time allows only a small increase in the surface area (20% for example for amosite) without an important increase in oxidising activity. So the effect of grinding is to unmask fresh non-oxidised surface, then to allow the appearance on the surface of divalent iron capable of reacting with molecular oxygen.
The agreement between the two tests was least satisfactory for wollastonite. When the results for this material were omitted, the correlation factor increased from 0-86 to 0 95. Moreover the oxidative activity obtained in the two tests correlated with the divalent iron content of the materials as shown in Fig 2 ( where the wollastonite results have been excluded).
A second compound, anthophyllite, also gave a poor agreement between the two methods. For anthophyllite and wollastonite it is possible that the weak correlation between their oxidative capacity in the two tests is due to the difference between the ratio W/V in the two methods (W is the weight of the sample and V the volume of medium). This ratio is much higher in the test with formate than in the test with guanosine and the relation between the oxidising capacity and the ratio W/V probably varies with the nature of the mineral. A second factor is related to an abnormal decrease in the life- release of Fe"l in solution that destroys the radical adducts.
Despite the anomalies for wollastonite and anthophyllite, the results of the two tests allow us to consider that there are three categories of materials capable of generating different amounts of A* species and consequently different degrees of oxidative stress in lung medium. Among the most active materials are amosite and crocidolite. By contrast erionite, glass wool, ceramic fibres, xonotlite and Tismo L were found to be inactive by both methods. There is however a group containing anthophyllite, iron rich rock wool, and wollastonite, that possibly generate a moderate quantity of A* species, and hence, after considerable exposure, various biological effects due to an oxidative stress.
With reference to the classical relation between the appearance of electrophilic species among the metabolites of a xenobiotic and the process of carcinogenesis,'2 it is possible to consider the materials able to generate a high quantity of A* species as potential carcinogens. But, independent of these A* species other less electrophilic species P*-not studied in the present paper-must be considered. 
